Background. The incidence of cellulitis is highly seasonal and this seasonality may be explained by changes in the weather, specifically, temperature.
METHODS
Discharge data were extracted from the Nationwide Inpatient Sample (NIS), the largest all-payer database of national discharges in the United States. The database is maintained as part of the Healthcare Cost and Utilization Project (HCUP) by the Agency for Healthcare Research and Quality (AHRQ) and contains data from a 20% stratified sample of nonfederal acutecare hospitals. This sample includes academic medical centers, community hospitals, general hospitals, and specialty hospitals. However, it excludes long-term care facilities and rehabilitation hospitals. To adjust for yearly changes in the sampling design, we applied the weights provided by AHRQ.
We identified every adult hospitalization for which the primary diagnosis was cellulitis over the period from January 1998 to November 2011. For case ascertainment, we used the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes 681.00-681.02, 681.10, 681.11, 681.9 (cellulitis and abscess of finger and toe), and 682.0-682.9 (other cellulitis and abscess). There are no codes for cellulitis exclusively, but here we refer to these codes collectively as cellulitis. All records without a primary diagnosis of cellulitis were considered as controls. Hospitals in the study were geolocated using the Google Maps Geocoding API [28] using the American Hospital Association (AHA) identification number when available. Weather data were obtained from the Unedited Local Climatological Data (1998) (1999) (2000) (2001) (2002) (2003) (2004) ) and the Quality Controlled Local Climatological Data (2005) (2006) (2007) (2008) (2009) (2010) (2011) . Both data sets were reported by the National Climatic Data Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA).
Using each hospital's longitude and latitude, we found all weather stations within 100 km of the hospital and then extracted the following monthly summary statistics for these stations: average temperature, minimum temperature, maximum temperature, total precipitation, average dew point, average wet bulb temperature, average heating degree days, average cooling degree days, resultant wind speed, and total monthly precipitation. The summary statistics for hospitals with multiple nearby stations were averaged across stations, whereas the summary statistics for hospitals with no nearby stations (1.9%) were imputed using a k-nearest-neighbor approach with k = 5.
We used logistic regression to estimate the odds of an inpatient visit having a primary diagnosis of cellulitis and considered 2 candidate models. Our first model is a "demographics model, " which controls for the following patient-level covariates: age (grouped by decade), sex, primary payer, length-ofstay, Elixhauser comorbidity index (29 categories) [29, 30] , admission month, and admission year. These patient-level coefficients can be interpreted as potential risk factors for cellulitis admissions. The demographics model also contains hospital-level variables: region (Northeast, Midwest, West, and South), longitude and latitude. Our second model is a "weather model" including both weather data and the same factors as the demographics model. Specifically, the weather model includes average monthly temperature (in 5 degree steps from <40 to 90+). Other weather variables were not included in either model; they were either highly correlated with average monthly temperature or did not lead to any clinically significant change in the model estimates. In addition, to assess whether the effect of temperature differed by region, we examined the effects of interaction terms between (linear) temperature and region and plotted them against the overall model's temperature effect.
For both models, the cyclic seasonal nature of cellulitis admissions was captured through the fixed month effects; the ratio between the nadir month's odds and the peak month's odds can be interpreted as the "average amplitude of seasonality, " adjusted for the other covariates in the model. To determine how much of the seasonality of cellulitis is attributable to weather, we compared the average amplitude of seasonality for both models.
RESULTS
Before applying discharge weights, over the course of our study period, the NIS contains 108 595 896 hospitalizations (1.313% with a primary diagnosis of cellulitis). We excluded 27 410 478 observations because they were missing key variables: admission month, age, sex, payer, or length of stay. Because several states do not report an AHA geocodable variable, we omitted an additional 25 508 342 discharges for which we were not able to assign a location. This left a total of 55 665 828 total hospitalizations to be used in our final analysis (1.39% cellulitis cases). Table 1 includes a summary of the included and excluded records.
Descriptive statistics for our sample are presented in Table 2 . Cellulitis cases were generally similar to the control group (noncellulitis discharges) in terms of mean age, latitude, and longitude. However, cases were admitted during a month with a higher mean temperature than the control group (55.91° F vs 54.37° F). Cellulitis patients had a slightly shorter mean length of stay than did the controls (4.79 days vs 4.84 days), but they had a higher mean Elixhauser comorbidity sum than the controls (2.14 vs 1.77). Although the control group had more women than men (60.8% to 39.2%), in the case group this difference was less pronounced (47.8% to 52.2%). Patients in their 40s and 50s are much more common in the case group than the control group.
Results from the weather model logistic regression are presented in Table 3 . After controlling for temperature and other covariates, patients in the Midwest, South, and West were less likely to be a cellulitis admission than patients in the Northeast. Also, patients who have private insurance were 13.8% less likely to be a cellulitis admission than patients on Medicare (95% confidence interval [CI]: [12.2, 14.4] ). Patients in their 40s were 80.4% more likely to be a cellulitis admission (95% CI: [78.6, 82.1]), compared to the baseline group of 18-to 30-year-old patients. There was also a significant time trend over the course of the study; holding all else equal, the odds of a cellulitis admission grew by 2.8% per year (95% CI: [2.8, 2.9]) under our model. Several comorbidities were strongly associated with higher odds of a cellulitis admission: for example, the odds of a cellulitis admission were 146% higher for patients with diabetes (95% CI: [143, 148]), and 122% higher for patients labeled as obese (95% CI: [121, 124] ). Longitude and latitude were statistically significant, but the odds ratios were small.
Seasonal changes in cellulitis admissions for both the demographics-only and the weather models are presented in Figure 1 , and the unadjusted and adjusted odds ratios are presented in Table 4 . In the demographics-only model, the amplitude of seasonality is markedly greater: the odds of a cellulitis admission are 36.0% higher in July than in February (95% CI: [34.5, 37.6] ). However, the average amplitude of seasonality (February to July) when temperature is added to the model is 10.4% (95% CI: [8.1, 12.8] ). This indicates that after controlling for the effects of temperature and demographics, the odds of a cellulitis admission are about 10.4% higher during July than February. Comparing the 2 models, we find that adding temperature to the model decreased the February-July amplitude by approximately 71%.
The effect of temperature on the odds of cellulitis admission was strong. The odds of cellulitis admission increase by roughly 3.55% per 5°F increment in temperature. Specifically, the highest temperature group, 90°F+, was associated with an increase in the odds of a cellulitis admission of 50.9% (95% CI: [45.1, 56.9]) when compared to temperatures below 40°F. Combining this with the residual seasonality effect, this means that relative to a cold February with average temperatures under 40°F, an admission in a hot July with an average temperature exceeding 90°F has 66.63% higher odds of being diagnosed with cellulitis (95% CI: [61. 2, 72.3] ). This temperature effect was similar for all census regions, as shown in Figure 2 .
DISCUSSION
Our results show that the vast majority of the observed seasonality in the incidence of admissions for cellulitis can be explained by the weather, specifically by changes in temperature. We found that as average monthly temperatures increase, so does the risk for admissions due to cellulitis. This increased risk for cellulitis is associated with warmer temperatures and it persisted even after controlling for patient age, sex, type of payer, length of stay, comorbidities, geographic region, latitude, and longitude. With respect to the increased risk associated with warmer weather, we observed a dose-dependent relationship between temperature and the odds of admission for cellulitis. For example, for every 5°F increase in temperature, the odds of a cellulitis admission increased by roughly 3.55%.
The incidence of several different types of infectious diseases is seasonal [27] . Although many infections increase in incidence in during winter months (e.g., respiratory and some gastrointestinal infections) [31] [32] [33] [34] [35] , others, especially tickborne infections, peak during warmer summer months [36] . Thus, although the seasonality of several different diseases is well described, much less attention has been focused on the seasonality of cellulitis. The few existing reports of seasonality are consistent with our results and describe an increase in the incidence of cellulitis and skin and soft tissue infections during summer or warmer months [18-21, 37, 38] . Interestingly, some studies have also demonstrated an increased incidence of surgical site infections for surgeries performed during summer months [22] [23] [24] [25] [26] . Although there are many possible reasons for the seasonal incidence of infectious diseases [27] , our results indicate that seasonal patterns in the incidence of cellulitis are driven by weather, specifically by higher temperatures. In fact, in our model we can explain 71% of the observed seasonality by considering average monthly temperature. In contrast to other reports concerning the seasonality of cellulitis and skin and soft-tissue infections, our investigation is based on a large geographically dispersed population, a 20% sample of all hospital discharges in the United States across many different seasons. Given that 29% of the seasonality of cellulitis admissions was still unexplained after accounting for temperature, there may be other drivers of the observed seasonal incidence. Alternatively, by using more granular data (day of admission rather than month of admission) we might be able to explain more of the observed seasonality. However, the NIS provides data on a monthly time scale; thus we aggregated both the disease series and the weather series at the monthly level. Future work should focus on using more granular (i.e., daily) data. In addition, we also considered incorporating additional weather variables (e.g., humidity) into our models, though this did not make a difference in the average amplitude of seasonality. More granular data and analyses could be used to identify the importance of other weather variables.
In addition, future work needs to move toward estimating the actual weather exposure at the individual level. For example, a differential exposure of air conditioning may alter the individual exposure to heat in patients living in the same location experiencing the same weather conditions. Considering the temperatures that the patient is actually experiencing at an individual level may help define possible temperature effects on the host and pathogen. For example, warmer weather may alter host response, increasing the susceptibility of a host to skin infections. Elevated levels of bacteria may be found in certain anatomic locations in climates with higher temperature and humidity compared to climates that are cooler and drier [39] , and the concentration of bacteria colonizing human skin may contribute to the seasonal pattern of disease that we observed. Alternatively, warmer weather may have effects on pathogens. However, regardless of the specific mechanism for warmer weather increasing risk for cellulitis, our results should help increase the clinical suspicion for cellulitis during warmer months, especially because the diagnosis of cellulitis can be confused with other syndromes not requiring antibiotics [40] . Ultimately, a better understanding of why warmer weather increases the risk for cellulitis may help inform preventive approaches or target early treatment as early treatment with the appropriate antimicrobials can improve cellulitis outcomes. Preventive strategies for cellulitis are most promising for patients with recurrent cases. Thus, future work will need to determine if and how warmer temperatures affect patients with recurrent episodes of cellulitis. Our analysis also revealed additional risk factors for admissions for cellulitis besides warmer weather and summer months. Similar to other work, we found that older age [3] and obesity were risk factors [8, 10, 41] . We found that diabetes was a risk factor for cellulitis, in contrast to other studies [8, 41, 42] . We also found payer status (i.e., self-pay and no charge) to be a risk factor. We presume that payer status is a marker for socioeconomic status, and another study found socioeconomic status (e.g., homelessness [43] ) as a risk factor for cellulitis. Future work should focus on understanding how weather interacts with traditional risk factors for cellulitis. For example, lymphatic insufficiency is a known risk factor [8, 41, 42] , and weather may contribute to the incidence of lymphatic insufficiency if, for example, lymphatic insufficiency or other causes of lower extremity swelling were seasonal, peaking in the summer. We investigated admissions with a primary and secondary diagnosis of stasis (ICD-9-CM 459.81) and found no evidence of seasonality (data not shown). However, a recent report that showed that internet searches for a collection of searches including the terms "swollen ankle, " "ankle swelling, " "swollen feet, " or "swollen legs" peaked during the summer months in the United States [44] . Interestingly, the same collection of search terms was also seasonal in Australia, but the seasonal peak was shifted by approximately 6 months coinciding with Australian summer months [44] . Thus, it is possible that warmer weather may lead to lower extremity swelling. Indeed, extracellular water content was found to be seasonal among patients undergoing hemodialysis [45] , and among nondialysis patients, some research suggests that total body water and extracellular fluid volume increases during summer months [46] . In addition, it is conceivable that warmer weather can lead to changes in behavior that increase the risk for cellulitis. For example, skin trauma, even minor trauma, and skin lesions are risk factors for cellulitis [2, 8, 10] , and warmer weather may change behavior that increases the risk for skin trauma (e.g., wearing open toed footwear). Also, animal bites, insect bites, and water exposure may all increase during summer months, and these increased exposures might help increase the risk of cellulitis during warmer months.
Our work is subject to several limitations. First, our clinical information is based exclusively on administrative data and we do not have access to laboratory records. We cannot do chart reviews to confirm the accuracy of the diagnosis of cellulitis or to accurately determine the anatomic site of the infection. In addition, ICD-9-CM codes were used to identify cases, and there are no ICD-9-CM codes that refer exclusively to cellulitis, so skin abscesses were included in our analysis. Also, these codes may not be specific to cellulitis or skin abscesses as venous stasis or penetrating injuries are sometimes mistakenly coded as cellulitis [40] . Future work should incorporate alternative approaches for identifying cases of cellulitis that do not rely exclusively on administrative data (e.g., data from electronic medical records). Second, the NIS does not include pharmacy data, so we are unable to examine treatment approaches for cellulitis. Third, because our data do not include patient identifiers, we are unable to determine if patients have been readmitted, as patients with cellulitis often suffer from repeated episodes. Fourth, our data are restricted to inpatients, and thus our results may not be generalizable to less severe cases of cellulitis treated on an outpatient basis. Finally, our analysis does not allow us to include the temperature that subjects actually experienced or take into account use of air-conditioning or other factors which might affect subjects' exposures to the outdoor versus the indoor environment.
Despite the limitations of our work, we demonstrate a strong dose-dependent relationship between average monthly temperature and the risk for cellulitis. Our results may help inform future pathogenesis studies from either the host's or pathogen's perspective. In recent years, much attention has been focused on global warming or climate change [47] [48] [49] [50] [51] , and many have speculated that warmer temperatures could increase many different infections [48] [49] [50] 52] . Our results indicate that if temperatures consistently increase, the odds of cellulitis may also increase in regions exposed to warmer temperatures. 
